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QUANTITATIVE FIT FACTOR EVALUATION OF SCHISTOSOME
TOPICAL ANTIPENETRANT (TAP)

1. Introduction

The U.S. Army Engineering Research, Development and Engineering
Center (ERDEC) conducted a quantitative fit factor evaluation of
the effect of Schistosome Topical Antipenetrant (TAP) on
protective mask face seal leakage. This testing was requested by
the U.S. Army Medical Materiel Development Activity. The human
use protocol for this test was reviewed by the ERDEC Human Use
Committee and determined to be greater than minimal risk due to
the classification of Schistosome TAP as an investigational drug.
The protocol was then submitted to the U.S. Army Surgeon
General's Human Subjects Research Review Board (HSRRB). The
HSRRB approved this protocol on 3 May 1993 (Log No. A-5860).
This protocol then received local ERDEC administrative approval
on 6 May 1993 (ERDEC Log No. 9304A). Testing was conducted on
two dates; 8 and 22 May 1993.

2. Body

2.1 Purpose

The purpose of this test was to evaluate the effects of
Schistosome TAP on the facial fit or seal of the US M17 and M40
chemical-biological protective masks. The facial fit or seal of
a mask is determined by measuring mask fit factors on a
population of individuals. A fit factor is defined as the ratio
of an aerosol challenge concentration relative to the
concentration measured within the mask.

Three test conditions were evaluated. The control condition
consisted of the standard M17 and M40 masks with no Schistosome
TAP applied on the face. The other two conditions were wet
Schistosome TAP and 'chistosome TAP which had been applied to the
face and neck and pe mitted to dry for 30 minutes. The
Schistosome TAP was applied to the lower face and upper neck area
as specified in the product literature.

2.2 Test Subjects

The 143rd Ordnance Battalion located at Aberdeen Proving
Ground, MD provided 48 male soldiers of whom 16 volunteered to
support this testing. Only male volunteers were used due to
logistical considerations. A blood serum pregnancy test is
required for females 48 hours prior to participation because of
the investigational status of Schistosome TAP. Since the
volunteers are not specifically identified until less then 24
hours prior to the start of testing it was decided that females
would not be used. All subjects recruited for this study
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received a medical examination. The purpose of this examination
was to determine if the subject was suitable for use with the
Schistosome TAP. Each subject was examined for facial irritation
or lesions and questioned about their allergy history.

The volunteers were sized by the test personnel for fit in
both the M17 and M40 masks. The M17 is available in 4 sizes;
extra-small, small, medium and large. The M40 has 3 sizes;
small, medium and large. Two facial measurements were recorded
for each individual; the face length or menton-nasal root
depression distance and the face width or bizygcn:atic diameter.
This data is presented in Appendix A.

2.3 Corn Oil Aerosol Test Method

A 10 ft by 10 ft by 32 ft test chamber was used for this
study. A polydispersed aerosol challenge is generated by
atomizing liquid corn oil using an array of 8 Laskin nozzle
nebulizers. The Laskin nozzle generates a coarse aerosol mist by
using low pressure filtered air to shear off particles of corn

oil. The resulting airflow generated by the nozzle carries the
mist upwards into a separate chamber of the nebulizer where the
airstream is deflected by a calibrated impactor plate to remove
the larger particles. This produces an aerosol consisting of the
desired particle size range. A uniform challenge concentration
of approximately 25 mg/m, having a mass median aerodynamic
diameter (MMAD) of 0.4 - 0.6 micrometers, is maintained within
the test chamber through controlled dilution with room air by a
300 cfm filter/blower system.

A computer-automated laser photometer system is used to
quantify the amount of aerosol leakage within the protective
equipment. The laser photometer, Model 8587 manufactured by TSI
inc., measures the amount of light scattered by the aerosol in
the sample stream and converts it to a voltage. The output is
digitized and processed by the microcomputer system. The
photometer unit used in the test system responds to a five-decade
range in aerosol concentration. At the beginning of a test, the
photometer is automatically adjusted to full scale to measure the
chamber concentration. 3oth the initial chamber and subsequent
mask concentrations are determined by integration. The ratio of
the outside challenge concentration to the concentration measured
inside the mask is defined as a mask fit factor. The fit
factor, therefore, represents an expression of the performance of
the protective equipment. The larger the value, the greater the
protection provided by the protective equipment. This system is
capable of measuring fit factors up to 100,000.

At the conclusion of a test trial, the computer calculates
an overall (average) fit factor by taking the inverse of the
arithmetic mean of the individual exercise cenetrations values
measured during the course of the test. In addition, exercise
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fit factor values are computed from the inverse of the individual
exercise penetration values. The overall fit factor value along
with the individual exercise fit factor values are stored on a
computer diskette for subsequent analysis.

2.4 Test Procedure.

Prior to testing, the volunteers were assisted by ERDEC test
personnel in donning the protective masks. A single air sampling
probe was inserted in the facepieces of each protective mask with
an attached 10-foot length of flexible silicone tubing. Once the
mask was correctly donned and adjusted, the subjects entered the
aerosol chamber where they connected the end of the sample tubing
to a port on the chamber wall. Air was then sampled from the eye
cavity region of the mask at a continuous rate of 2.2 liters per
minute through the phocometer detector unit.

During a test the subjects performed the following ten
exercises, each 1 minute in duration:

"* Standing still (normal breathing)
"• Deep breathing
"• Head movement, side to side
"* Head movement, up and down
"* Talking (recite "Rainbow" passage)
"* Sight rifle
"* Reach for floor and ceiling
"* On hands and knees looking left and right
"* Facial expressions
"* Standing still (normal breathing)

The above exercise routine is designed to stress the face
seal of the respirator under simulated "generic" use conditions
and has been used in prior studies at ERDEC for the fit factor
testing.

After completion of the test trial the subjects disconnected
their sample lines and exited the chamber. The protective masks
were then doffed and the subjects were instructed to wash their
faces to remove any residual Schistosome TAP. Test personnel
then sanitized the protective masks for the next use.

2.5 Data Analysis

2.5.1 Fit Factor Calculation Method

The protection provided by a respirator assembly against a
challenge agent is expressed as the ratio of a concentration
inside the respirator over a challenge concentration; this ratio
is called the penetration. The reciprocal of this ratio is
called the fit factor. Both terms are presented by the following
equations:
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p -C:espiraror

Cchallenge

and

FF = Cchallenqe - 1
Crespiracor P

where P = Penetration

C.Ls•rator = average concentration of challenge agent

inside the respirator (mg/m 3 )

Cchallenge average challenge concentration (mg/m 3 )

FF = Fit Factor

2.5.2 Average Leakage Concentration per Exercise

The results of a fit factor test are usually expressed by a
graph showing the instantaneous ratio of the in-respirator and
challenge concentrations in the form of penetration or fit factor
versus time. The duration of each of the exercises in this
example is 60 seconds. Within one exercise, the computer
collects data at the rate of two data points per second. Hence,
the average penetration for one exercise can be expressed as:

= n Pý
Pexefclse = -

where n = the number of data points collected per one minute

exercise (n = 120)

and P. = the individual measured penetration data point

2.5.3 Overall Fit Factor

In the same way, the overall fit factor, which represents
the fit factor over the duration of the test, is expressed as:
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FFovera, I = Pexercise i

where m = number of exercises in one complete test

2.5.4. Statistical Analysis

All fit factor data presented in this report were
statistically analyzed using binomial proportions of percentage
of success. Continuous methods of analysis could not be used due
to the truncation of data at a fit factor of 100,000. The
analysis was based on a total of approximately 16 fit factor
trials conducted on each condition. The 1667 and 6667 fit factor
levels correspond to standard pass/fail criteria levels
established under the U.S. Joint Service Operational Requirements
for testing of the M40 military mask system and were derived from
combat threat analyses of the chemical/biological battlefield
environment.

2.6 Results

The results for the M40 mask are summarized in Table I. The
complete set of data, which includes the individual exercise and
the overall fit factors is listed in Appendix B. The pass/fail
rates for each configuration at various fit factor levels are
provided in Appendix C. A graphical comparison of the three mask
wear configurations is displayed in Appendix D.

Table 1. Summary of fit factor results for the M40 mask

M40 Mask _ Fit Factor 1 _____
Concept 500 1667 3000 5000 6667 10000 20000

No TAP 100% 100% 100% 94% 94%- 94% 81%

Wet TAP 100% IC0% 100% 100% 100% 100% 100%

Dry TAP 100% 100% 100% 100% 100%1 100% 100%

The results for the M17 mask are shown in Table 2. and are
given in terms of percent difference based on the baseline
configuration of the M17 worn without any Schistosome TAP applied
to the face. The absolute M17 data are not provided in this
report due to the Secret classification of M17 data under the
Operation Rock Ready security classification guide. Table 3
displays the M40 results in terms of percent difference in order
to assist interpretation of Table 2.
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Table 2. Summary of fit factor percent differences for the M17
mask

M17 Mask Fit Factor

Concept 500 1667 3000 5000 6667 10000 20000

No TAP 0 0% 0% 0% 0% 0% 0%T 0%

Wet TAP +6.3% +6.3% +6.3% +6.3% +5.4% +10.7% +10.7%

Dry TAP +6.3% +6.3% +6.3% +6.3% +12.5% +25.0% +12.4%

Table 3. Summary of fit factor percent differences for the M40
mask

M40 Mask Fit Factor

Concept 500 1667 2000 5000 6667 10000 20000

No TAP 0% 0% 0% 0% 0% 0% 0%

Wet TAP 0% 0% 0% +6.3% +6.3% +6.3% +18.8%

Dry TAP 0% 0% 0% j +6.3% +6.3% +6.3% +12.5%

3. Conclusions

Subject participation was a significant problem in the
conduct of this study. The 16 subjects used represent only half
of the desired goal of 32 subjects. As a result of this, the
pass/fail rates for both masks exhibit large intervals at the 90%
confidence limits for reliability. The results for all three
configurations fall within the expected range of the confidence
limits. The conclusion that can be reached from the data by
itself is that there were no significant differences between any
of the three configurations. Schistosome TAP had no significant
effect on the protective capabilities of either the M17 or the
M40 masks.

However, despite the small amount of data, there are several
factors which permit some definite conclusions to be attained.
First of all, the results are very consistent with previous
studies performed on both the M17 and M40 masks. A major
deviation in the current pattern would have to take place before
any significant differences would become evident. Furthermore,
the data for both masks show a minor trend of increased
protection when Schistosome TAP is worn. This protection
enhancement effect was demonstrated in an earlier study of the
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M17 mask.' In this study, lanolin was applied around the e'ntire
face corresponding to the mask periphery. The result- cn 37
subjects who were tested for a total of 118 trials ;',,-wd c•
overall improvement in protection. The percent Jmpr:,:emenc &3
shown in Table 4.

Table 4. Summary of effect of lanolin on M17 fit factors

M17 500 1000 3000 5000 6667 1000C

Baseline 0% 0% 0% 0% 0% 01

Lanolin 0%k 0% +3% +8% +11% +17%

This minor increase in protection is most likely the result
of a reduction in the number of microscopic face seal leaks which
occur during normal mask wear. Topical lotions and creams
probably have little effect on larger mask seal breaks.

Based on this previous study of the M17 mask and the
consistency of the trend for increased protection with both the
M17 and M40 masks while using Schistosome TAP, it can reasonably
be stated that the application of Schistosome TAP, whether it is
wet or has been allowed to dry, does not have an adverse impact
on mask face seal leakage.

4. References

M17 Mask Follow-On Evaluation (U); Secret Report
Fritch, William H.; Gardner, Paul D.; Hughes, Francis P.;
Brletich, Richard W.; Laye, Randolph G.
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Subject Facial Anthropometric Data

Subject Face I Face M17 M40
No. Length Width Size Size

1 114 mm 142 mm M M

2 120 mm 145 mm M M

3 117 mm 133 mm S M

4 125 mm 136 mm M M

5 121 mm 142 mm M M

6 120 mm 142 mm M M

7 120 mm 140 mm M M

8 111 mm 142 mm S M

9 129 mm 139 mm M

10 120 mm 137 mm M

11 120 mm 150 mm L L

12 122 mm 140 mm M M

13 127 mm 133 mm S M

14 115 mm 142 mm S M

15 115 mm 145 mm M M

_6 116 mm 145 mm S M

Notes:
Subject 4 withodrew after 3 tests.
Subject S was nudged by the mask sizer to be a little large
for the small M40 mask, but too small for the medium mask.
Subject 10 had a long slender face.
Subject 14 was judged by the mask sizer to be a little large
for the small V40 mask, but too small for the medium mask.
Subject 15 was udged by the mask sizer to be a little large
for the small M17 mask, but too small for the medivm mask.
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Schistosome TAP PF Test
M40 Mask (Baseline)

NUMBER OF SUBJECTS = 16

PASS/FAIL RATE BY MASK SIZE

SMALL PASS - 0 FAIL = 0
MEDIUM PASS = 13 FAIL = 1
LARGE PASS = 2 FAIL = 0

TOTAL PASS = 15 FAIL = 1

RANGED PROTECTION FACTOR

PROTECTION FACTOR PERCENTAGE CONFIDENCE LIMITS
, 90% RELIABILITY

500 100% 86.6% 100%
1667 100% 86.6% 100%
3000 100% 86.6% 100%
5000 94% 77.8% 99.3%
6667 94% 77.8% 99.3%

10000 94% 77.8% 99.3%
20000 81% 63.0% 92.8%

22

/1



Schistosome TAP PF Test
M40 Mask w/Tap Wet

NUMBER OF SUBJECTS = 15

PASS/FAIL RATE BY MASK SIZE

SMALL PASS = 0 FAIL = 0
MEDIUM PASS = 13 FAIL = 0
LARGE PASS = 2 FAIL = 0

TOTAL PASS - 15 FAIL = 0

RANGED PROTECTION FACTOR

PROTECTION FACTOR PERCENTAGE CONFIDENCE LIMITS
@ 90% RELIABILITY

500 100% 85.8% 100%
1667 100%- 85.8% 1.00%
3000 100% 85.8% 100%
5000 100% 85.8% 100%
6667 100% 85.8%1 100%

10000 100% 85.8; 100%
20000 100% 85.8% 100%
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Schistosome TAP PF Test
M40 Mask w/Tap Dry

NUMBER OF SUBJECTS = 16

PASS/FAIL RATE BY MASK SIZE

SMALL PASS = 0 FAIL = 0
MEDIUM PASS - 14 FAIL = 0
LARGE PASS = 2 FAIL = 0

TOTAL PASS = 16 FAIL- 0

RANGED PROTECTION FACTOR

PROTECTION FACTOR PERCENTAGE CONFIDENCE LIMITS
@ 90% RELIABILITY

500 100% 86.6% 100%
1667 100% 86.6% 100%
3000 100% 86.6% 100%
5000 100% 86.6% 100%
6667 100% 86.6% 100%

10000 100% 86.6% 100%
20000 94% 77.8% 99.3%
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M40 OVERALL FIT FACTOR PERFORMANCE
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